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Introduction
Chlorination has been used as a

water disinfectant in the United States
since 1908,1 and approximately 200 mil-
lion Americans are currently exposed to
chlorinated drinking water.2 Early animal
studies suggested that exposure to chlori-
nated drinking water may increase serum
lipids,3 6 perhaps via alterations in thyroid
function.6 However, a more recent study
did not support these findings,7 and
clinical studies in which individuals were
given water with various concentrations of
chlorine showed no effect on serum
cholesterol.810 A recent cross-sectional
study of 866 women and 654 men in
Wisconsin towns did show significantly
higher serum cholesterol in those exposed
to chlorinated drinking water than in
those not exposed, but this association
was confined to women aged 50 to 59.11
Nevertheless, given the widespread expo-
sure to chlorinated drinking water, an
effect of chlorine on cholesterol levels is
potentially a great public health con-
cern.12-15 The present study was con-
ducted to replicate the findings from
Wisconsin in a second human population.

Methods
The study sample included 2070

non-Black women, aged 65 to 93 years,
living in the community; all were partici-
pants in the Study of Osteoporotic Frac-
tures.'6 Total cholesterol was measured in
all 2070 women using the portable Kodak
DT-60 machine. In a subset of 821
women, full lipid profiles were measured
in the University of Pittsburgh's Heinz
Nutrition Laboratory, a Centers for Dis-
ease Control lipid-certified laboratory.
Cholesterol and triglycerides were mea-
sured enzymatically.'7"18 Low-density lipo-
protein (LDL) cholesterol was calculated
with the Friedewald equation.'9 The total
high-density lipoprotein (HDL) choles-
terol was precipitated with heparin and
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manganese chloride.20 The HDL-2 subfrac-
tion cholesterol was then precipitated with
dextran sulfate and HDL-3 subfraction was
measured in the supernatant.21 HDL-2 was
calculated as the difference between the
total HDL and HDL-3. Apolipoproteins
Apo AI and Apo B100 were determined
using the Boehringer Mannheim Turbidi-
metric Method with modifications for the
Abbott VP Spectrophotometer.

Alcohol consumption, smoking his-
tory, physical activity, and use of estrogen
were assessed in the baseline question-
naire. The variable for alcohol consump-

tion used in this analysis was the number
of ounces of ethanol per week, adjusted
for atypical amounts. The average num-

ber of years smoking and the number of
packs smoked per year were used to
estimate pack years. Current leisure time
physical activity was assessed using a

modified Paffenbarger questionnaire and
was expressed in kilocalories per week.22
Subjects were asked the frequency with
which they leave the neighborhood and
get out of the house in good weather.

A residential history questionnaire
was used to obtain information on home
water source (public, private well, cistern,
spring) at each residence from 1950 to
1990. Water companies were contacted to
verify service area. The zip codes of each
residence was matched with that of a

particular water company. If zip codes
overlapped within a water service area,

street maps and additional verification
with water companies was carried out. All
public water sources were chlorinated; all
private well, cistern, or spring supplies
were considered nonchlorinated.2>26
Women reporting a mixture of public and
private water sources were considered
exposed to chlorinated drinking water at
their home.

Skewed variables were log trans-
formed for statistical analyses. Untrans-
formed data are presented in the tables.
Serum lipids and other risk factors among
women currently exposed to chlorine
were compared with those factors among
women not currently exposed to chlorine
using Student's t test. Subjects were

stratified by years of exposure to chlori-
nated drinking water (0, 1 to 15, 16 to 39,
>40), and their serum lipids and other
risk factors were compared across these
strata using analysis of variance and
covariance.

Results

Two hundred one women (9.7%)
reported current use of nonchlorinated

TABLE 1-Demographic Factors among Sample, by Current Chlorine Exposure

Chlorinated Nonchlorinated
(n = 1869)a (n = 201)a

Mean SD Mean SD P

Age, y 71.1 4.9 70.1 4.7 .01
Body mass index, wt/ht2 27.6 4.9 28.1 5.1 .18
Smoking, pack years 9.7 20.0 7.4 18.9 .02b
Alcohol consumption, ethanol oz/wk 0.4 1.3 0.3 1.1 .65b
Physical activity, kcal/wk 1299 1382 1692 2003 .1 5b

aTotals may vary because of missing numbers.
bProbability was evaluated on log-transformed data: Log (variable + 1).

TABLE 2-Lifestyle Factors among Sample, by Current Chlorine Exposure

Chlorinated Nonchlorinated
(n=1869),a% (n=201),a% p

Education (> high school) 17.5 23.3 .04
Estrogen (ever use) 23.3 23.3 .99
Leave neighborhood at least
once a day 36.0 33.4 .54

Get out of the house at least
once a day 82.3 88.6 .18

Bottled water (ever use) 6.6 5.2 .95

aTotals may vary because of missing numbers.

springs, cisterns, or wells as their primary
source of water in the home; 35 women
(1.7%) reported mixed sources of water
(public and private), and 1834 women

(88.6%) reported public water in the
home (Table 1). The average years of
exposure to their current water source

was similar for women with private and
public water sources (mean = 31 + 11
years, private; mean = 30 + 13 years,
public). Women currently exposed to
chlorinated drinking waterwere older and

reported a greater number of pack years
smoking and greater alcohol consumption
(Table 1) but they had slightly lower
education levels (Table 2). There was no

difference in use of estrogen or bottled
water or in the frequency with which they
got out of the house. Mean serum lipids
were similar in women currently exposed
to chlorinated drinking water and those
not exposed (Table 3).

Women with greater duration of
exposure to chlorinated drinking water in
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TABLE 3-Upids, Lipoproteins, and Apolipoproteins (mg/dL) among Sample, by
Current Chloride Exposure

Chlorinated (n = 1 869)a Nonchlorinated (n = 201 )"

n Mean SD n Mean SD P

Total cholesterol 1752 247.0 41.3 192 246.4 41.9 .83
HDL cholesterol 818 55.1 12.8 96 55.1 13.0 .99
LDL cholesterol 797 147.0 36.8 96 149.5 36.2 .54
Triglycerides 815 156.9 88.4 96 144.3 74.1 .16b
Apo Al 721 145.6 21.4 86 147.7 23.4 .40
Apo B 722 91.8 21.8 86 94.8 24.5 .22

Note. HDL = high-density lipoprotein; LDL = low-density lipoprotein.
aTotals may vary because of missing numbers.
bProbability was evaluated on log-transformed data: Log (variable + 1).
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TABLE 4-Demographic Factors among Sample, by Years of Exposure to
Chlorinated Drinking Water at Home

0 Years 1-15 Years 16-39 Years . 40 Years
(n = 127)a (n = 212)a (n = 200)a (n = 1531)a

Mean SD Mean SD Mean SD Mean SD P

Age, y 70.8 5.0 70.1 4.3 70.4 5.0 71.2 5.0 0.54
Body mass index, 27.9 5.0 28.2 5.0 27.9 5.2 27.5 4.9 0.36

wt/ht2
Smoking, pack years 6.9 19.4 6.6 16.0 10.0 20.4 9.9 20.3 0.01b
Alcohol consumption, 0.3 1.3 0.4 1.6 0.5 1.7 0.4 1.2 0.04b

ethanol oz/wk
Physical activity, 1646 2214 1461 1519 1493 1659 1275 1334 0.67b
kcal/wk

aTotals may vary because of missing numbers.
bProbability evaluated on log transformed data: Log (variable + 1).

TABLE 5-Lifestyle Factors among Sample, by Years of Exposure to Chlorinated
Drinking Water at Home

0 Years 1-15 Years 16-39 Years > 40 Years
(n = 127),a % (n =212),a % (n =200),a % (n =1531),a % p

Education (> high 21.3 25.0 16.0 17.7 0.06
school)

Estrogen use (ever 22.3 18.7 25.4 24.2 0.32
use)

Least neighborhood 28.3 34.0 36.5 36.5 0.23
at least once per
day

Getoutof the 89.0 86.0 86.6 83.0 0.12
house at least
once per day

Bottled water (ever 5.5 6.2 7.0 6.7 0.94
use)

aTotals may vary because of missing numbers.

the home had greater levels of smoking
(more pack years) and alcohol consump-
tion (more ounces of ethanol per week)
(Table 4). A lower percentage of women
with 40 or more years of chlorine expo-
sure reported greater than a high school
education (Table 5). There was no differ-
ence in estrogen use, mobility, and use of
bottled water across chlorinated exposure
groups (Table 5).

There was some suggestion that
women who reported no exposure to
chlorinated drinking water at home had
lower cholesterol, but the results were not
statistically significant (Table 6). No rela-
tionship was observed for LDL choles-
terol or Apo-B, both of which are known
to correlate with total cholesterol. There
was also no evidence that increasing
duration of exposure to chlorinated drink-
ing water influenced HDL cholesterol,
Apo AI, or triglycerides.
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Discussion

We examined the relationship be-
tween exposure to chlorinated drinking
water and lipids in a large population-
based group of elderly women. Serum
cholesterol values were similar in women
currently exposed to chlorinated drinking
water at home and in those currently not
exposed. There was no evidence to sug-
gest that increasing duration of exposure
to residential chlorinated drinking water
influenced apo- or lipoprotein levels.
Women exposed to chlorine in the home
tended to smoke and drink more than
women unexposed to chlorine, suggesting
that previous reports of an association
may reflect inadequate control of other
lifestyle factors differentially distributed
across exposure groups.

One of the limitations of this study is
the possible misclassification of those

exposed to chlorine in the nonchlorinated
group, which could have resulted because
of exposure to chlorinated drinking water
outside the home, exposure to other
sources of chlorine, or use of bottled
water among those in the chlorinated
group. This would decrease the possibility
of detecting a difference between groups
if there were one. However, there was no
evidence that the frequency with which
the women reported leaving their neigh-
borhood or going out differed across the
chlorinated exposure groups. Few women
reported drinking bottled water, and this
did not differ across the chlorinated
exposure groups. The study had sufficient
power to detect a difference in total
cholesterol of 10 mg/dL, a = 0.05,
one-tail, 1-, = 0.80, which corresponds to
one fourth of one standard deviation in
total cholesterol.

In summary, this study provides little
support for the hypothesis that exposure
to chlorinated drinking water is associated
with higher serum lipid levels in older
women. O
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